In studying virus infections at the cellular level, it is worthwhile focussing attention on the initial stages when the course of the infection is determined. At least part of the virus enters the cell and brings about alterations of its metabolism, leading to multiplication of the infecting virus. In the case of phage T2, infecting Escherichia coli strain B, the host metabolism is directed exclusively toward virus synthesis. It would be generally useful to know what mechanisms are involved in changing the direction of the host cell metabolism.
Phage T2 has a singular property which makes it quite interesting with regard to the metabolic changeover in the infected bacterium. The deoxyribonucleic acid (DNA) of T2 contains the pyrimidine 5-hydroxymethyl cytosine in place of cytosine which is present in the bacterial DNA. Thus T2 infection confers upon the host the ability to synthesize a simple precursor which is undetectable in normal E. coti. Cohen (1956) suggests that the key to the changeover may be that cytosine is irreversibly converted to hydroxymethyl cytosine. This situation would then represent a single pathway toward virus synthesis.
It can be safely assumed that the synthesis of hydroxymethyl cytosine in the infected cell requires the activity of at least one enzyme apparently not present in the normal, uninfected cell. Several possible sources can be suggested for a new enzyme. It might be the small amount of protein injected into the cell along with the phage DNA (Hershey, 1955) . Possibly, the infection activates a latent enzyme or alters the activity of one already present. Finally, the enzyme may arise via a form of induced biosynthesis. One could distinguish the first two of these possibilities from the third by blocking protein synthesis in T2-infected bacteria and then observing whether any phage DNA is formed.
Chloramphenicol has the property of specifically suppressing protein synthesis in E. coli while allowing ribonucleic acid (RNA) and DNA formation to continue unaffected (Wisseman et al., 1954) . The block is at some intracellular stage, since exogenous amino acids can still be utilized in nucleic acid components. It has also been shown that induced biosynthesis of enzymes is prevented by chloramphenicol (Hahn and Wisseman, 1951 (Adams, 1950) , and standard bacteriological techniques were used for cell counts. All experiments were carried out at 37 C, and the minimum latent period was 22 min. Mejbaum (1939) and DNA with the Dische reagent (Kabat and Mayer, 1948 2.8 0 4
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phage maturation did not take place. The latter fact was confirmed by subjecting the infected, inhibited cells to cyanide lysis (Doermann, 1952) and observing no rise in plaque count. Under the same conditions of inhibition, the effects of chloramphenicol were reversible; all of the interrupted processes resumed as soon as the inhibition was reversed by dilution to ineffective levels. In contrast to uninfected cells, DNA synthesis in T2-infected cells was blocked by chloramphenicol at 15 mg per ml when added no later than 1 or 2 min after phage adsorption. When added at later times, chloramphenicol allowed correspondingly increasing rates of DNA synthesis. After 8 or 9 min of the latent period, protein inhibition had no effect on the rate of phage DNA formation (table 2) . This led to the conclusion that a special protein, or proteins, must be formed during the first few minutes in order to initiate phage DNA synthesis. This may be the same protein which Hershey et al. (1954) have shown is formed during the first part of the latent period, but is not utilized in the phage membrane.
The above results are in general agreement with data obtained by other investigators who also studied this problem; Burton (1955) longer formed after phage adsorption. If the infected cell were then fractionated, at least one protein fraction should have a relatively higher specific radioactivity. Phage T2 was added, multiplicity = 5, to a log phase culture of E. coli. After allowing 3 min for adsorption, glycine-1-C'4 was added and incubation continued for 5 more min. Sodium cyanide was then added, to 0.01 M, to stop all metabolic activity. The culture was chilled, the cells recovered by centrifugation, and washed free of soluble radioactivity; they were then disrupted by 10 min of sonic oscillation (Raytheon 10 kc oscillator) in distilled water. The resulting extract was fractionated by zone electrophoresis in a starch column which was then separated into 1 cm segments for recovery by elution. Each segment was analyzed for protein, RNA, DNA, and radioactivity. Where protein and nucleic acid were found in the same segment, they were separated by trichloracetic acid (0.3 M) at 90 C and their respective radioactivities determined. In these experiments, the RNA and DNA migrated as separate components, as in figure 1 which illustrates the fractionation of uninfected cells.
The distribution of chemical components in the infected cell extract was quite similar to that of the normal, uninfected one. The distribution of total radioactivity showed some uptake in all fractions. In the slow-moving region lacking the nucleic acid peaks, the specific activity of the protein was constant. When the two nucleic acid-protein mixtures were chemically fractionated, significant differences in the protein specific activity did appear (table 3). For comparison on the reliability of the technique, the same experiment was done on a culture of uninfected cells which had been inhibited by chloramphenicol.
The error values were calculated from the standard deviations of both the chemical analyses and the radioactivity measurements. Thus, the tracer seemed to have been preferentially concentrated in the protein(s) migrating along with the RNA, these being referred to as the "RNA" protein.
The amount of protein separated from the DNA was too small to be measured accurately. The possibility that the "RNA" protein and the RNA are chemically combined was supported in two ways. First, when the RNA-protein mixture was subjected to further electrophoresis, coincident RNA and protein peaks were still obtained. Second, when commercially purified preparations of RNA and DNA (Nutritional Biochemicals Co.) were placed under the same conditions of electrophoresis they showed identical mobilities, which would be expected since the charge on the two kinds of molecules would be due primarily TABLE 3 Relative metabolic activity in fractions of Escherichia coli obtained by zone electrophoresis8 to their similar phosphoric acid groups. The slower mobility of the RNA in the cell extracts would then imply that it was combined with some other material.
To confirm the above results, the experiment was repeated using carbon-labeled alanine as the tracer, instead of glycine. The result in this case was negative, no preferentially labeled component was detected. The discrepancy might be explained in several ways. The special protein might contain little or no alanine, or the rate of incorporation of exogenous alanine could be relatively slow. On the other hand, the glycine may have been utilized in some nonprotein material which was insoluble in hot trichloracetic acid.
DISCUSSION
These studies of the effect of chloramphenicol on phage T2 multiplication proved to be interesting in several ways. The antibiotic was unable to prevent phage adsorption, which was not unexpected since adsorption is essentially an ionic reaction. The prevention of lysis by chloramphenicol cannot be explained by interruption of maturation; other agents will prevent maturation and still allow lysis to occur (De Mars et al., 1953) . Two possibilities can be suggested: lysis may be a direct result of a protein synthesized by the infected cell but having no relation to the reproduction of phage particles or else lysis is some secondary effect of protein formation early in the latent period.
Also interesting was the fact that the presence of chloramphenicol did not prevent phage adsorption from disrupting all nucleic acid synthesis in the host bacteria. Apparently the disruption does not require any detectable protein synthesis; it is most likely the consequence of changes in cellular organization or is brought about by degradative enzymes already present.
The most significant finding pertains to the necessity for some protein synthesis as a prerequisite to the formation of T2 DNA. Also, the rate of phage DNA synthesis is limited by the amount of the special protein which has been formed, up to the eighth or ninth minute of the latent period, after which the rate remains constant. Thus there is a direct relationship between the special protein and phage T2 DNA, possibly due to the necessity for synthesizing 5-hydroxymethyl cytosine. This attractive since it is consistent with available information. The tracer seemed to have been incorporated into protein associated with the RNA fraction and it is rather widely accepted that RNA is directly involved in protein synthesis. Since the phage-infected cell must produce new kinds of protein, it would not be surprising to find metabolic activity associated with the RNA fraction of the cell. The phage membrane being serologically distinct from bacterial protein, there must certainly be a change in the proteinforming system to account for the new specificity.
If we accept the formation of "hydroxymethyl cystosine enzyme" via induced biosynthesis, it is again expected that RNA would be involved, as this is being supported by many studies implicating RNA directly in the induced synthesis of protein (Halvorson, 1953) . Also pertinent is the finding of Hed6n (1951) who showed that the yield of new phages per cell varied directly with the amount of RNA present in the cell at the beginning of the latent period, there being no change in the length of the latent period. Thus if the special protein which is formed in the early minutes of phage infection is indeed associated with the RNA, it can be suggested that this is the functional unit responsible for the initiation and continuance of phage DNA synthesis in T2-infected bacteria. It may then be that the newly formed DNA is responsible somehow for the production of the membrane, which would account for the DNA being contained within the membrane in the mature phage particle.
